A numerical relaxation approach for solving the general Ginzburg-Landau equations for type-II superconductors is developed. It is erst applied to an isotropic type-II superconductor near H, & in order to establish the reliability and effectiveness of this approach. The strength of this approach should be in dealing with anisotropic and/or inhomogeneous systems. As an initial test of this strength, we have applied it to some anisotropic cases. Distributions of the superconducting order parameter and the local magnetic field, as well as the lower critical Geld for these cases, are presented.
I. INTRODUCTION
It is well known that the Ginzburg-Landau (GL) theory provides us an important useful tool for studying the basic phenomenology of superconductivity.
Since the discovery of the high-temperature superconductors, the GL theory has played an especially useful role for understanding and analyzing some physical properties of these superconductors, because there is at the present time no clear understanding of the microscopic mechanism of high-T, superconductors that will allow theorists to develop a microscopic theory of high-T, superconductors. Previously developed methods for solving the GL problem are mainly to first minimize the GL free-energy functional analytically in order to obtain the variational equations, (i.e. , the GL equations, ) and then to solve this resulting set of nonlinear partial differential equations analytically' or numerically.
Unfortunately, these methods are difficult to extend to anisotropic and/or inhomogeneous systems. Since many superconductors, especially high-T, superconductors, exhibit strong anisotropy and/or inhomogeneity, including a difference in the directional effective masses (m, ) m, =mb), and the effects of twin boundaries, etc. , it is clearly useful to develop a general numerical scheme to handle the GL problem for such cases.
Recently, an attempt was made by Doria, Gubernatis, and Rainer to apply the simulated annealing method for such a purpose.
In this work, we make a different attempt to treat the general GL problem based upon the relaxation method. 
where g(r) is the superconducting order parameter, A is the vector potential, 5 is the total area of the xy plane, m and m"are the effective masses in the x and y directions, respectively, and m =m for the isotropic case. The variations of F with respect to the fields g(r) and A(r) lead to the usual dift'erential GL equations. We will not need these equations in the following. In order to describe a superconductor in the presence of an external field, we should impose constraint on the field A. We use the constraint of fixing the average magnetic induction B.
To apply the numerical relaxation method, we should discretize the GL free-energy functional.
Before doing this, we wish first to put it into a dimensionless form. Scaling energies by twice the bulk superconducting condensation energy a Ip and lengths by the x direction-al coherence length g, =( -iri /2m"a)'», setting also iti=itig"(where = Ial IP) and A =(2irg"l@0)A, Eq. (2) becomes 
where N"and N are the number of lattice points in the x and y directions. On each lattice point (i, j ), the normalized order parameter has the value f(i,j ), and with each point we associate horizontal and vertical bonds. The lattice constants along these bonds are d and d, and the vector potential components on bonds [(i;j)~(i+1, j)] and [(i j )~(i j + 1) ] are denoted as A "(i j ) and A (i j), respectively. In the above lattice notation, it is easy to verify that the above expressions are invariant with respect to the gauge transformation
Accordingly, so are E and other physical quantities, such as the magnetic field and the current distribution gauge invariant.
The minimization procedure needs to be constrained to produce a given value of B. In practice we fix the magnitude of B by specifying the total reduced Aux N in the unit cell and implement this B or N by imposing what will be called the "magnetic periodic boundary conditions. " Let us analyze the boundary conditions. We first define the total reduced flux per unit length in the y direction, P(y;) as L P(y;)=(2irg"l@o) f H(x, y;)dx = f rA dl/5y, ,
a where the closed path I is defined in Fig. (1) . 
where eI, e2, and e3 are all positive numbers, F, =N N~F.
Here, it is worth noting that the A 's cannot be fixed before optimization (to zero, for example), since they must also be regarded as independent variables. They should therefore be determined by optimization also. However, (a) 
IV. SUMMARY AND CONCLUSION
We have presented and demonstrated the utility of a relaxation approach to the solution of the general GL problem. Our main intent here is to make sure that the relaxation approach works for this purpose and also to set up the program. We believe we have achieved this goal. Meanwhile, we have obtained accurate numerical results for some simple anisotropic superconducting vortex states. Our future objectives are to study complicated anisotropic or inhomogeneous super conducting states quantitatively using this approach, including the case when twin boundaries exist, which is important for, for example, the high-T, superconductor Y-Ba-Cu-O. In addition, we can calculate the M-H curves for anisotropic superconducting states, and determine the structure of the vortex lattice for these cases. Although the computational work will be substantially more than that in the present work, it is still expected to be much less than if the simulated annealing method is used for the same purposes.
Therefore, we believe that the relaxation approach can play an important role in studying the general GL problem under complicated situations, including the present of anisotropy and/or inhomogeneity.
